Abstract:
Introduction
Sarcomas are a rare and heterogeneous group of tumours of mesenchymal origin. According to tumour type, they are classified into soft tissue sarcomas (STS) and primary sarcomas of the bone.
In adults, STS are about four times more common than sarcomas of the bone (11,000 cases compared with 2900 in 2012) [1] . STS can be further classified in 50 different entities in terms of genetic analysis, clinical behaviour and pathogenesis [2] . The more common histological subtypes of sarcoma include gastrointestinal stromal tumour (GIST), leiomyosarcoma, liposarcoma, pleomorphic sarcoma, synovial sarcoma and fibrosarcoma [2] .
Sarcomas can arise almost everywhere in the body with the most common site being the extremities. About one-third arise in and around the retroperitoneum and 10% in the trunk [3] . The use of surgery and radiotherapy is the mainstay of local treatment options, but in almost half of patients, the disease will recur at distant sites [4] . Doxorubicin, epirubicin and ifosfamide are the most commonly used agents in the management of metastatic STS and associated with a response rate (RR) of 20%. Even for these agents, among trials, activity varies, highlighting the variability in disease sensitivity (noted above) and the fact that STS histology is a confounding factor of drug efficacy [5] [6] [7] , and combination chemotherapy has not shown a benefit in overall survival (OS) [8] .
Recent advances such as the use of imatinib in GIST, gastrointestinal stromal tumor have refined our systemic treatment strategy [9] . Pazopanib has shown activity in a phase II clinical trial designed to screen various soft tissue sarcoma subtypes [10] and a phase III [11] clinical trial followed resulting in Food and Drug administration approval in 2012 for use in metastatic soft tissue sarcoma exposed to prior chemotherapy.
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Material and methods
We conducted an independent computerised review of PubMed and ScienceDirect database up to May 2015 using combinations of terms such as soft tissue sarcoma, pazopanib, STS ,VEGFR2, TKIs ,angiogenesis, advanced sarcoma treatment, targetted therapy for sarcoma. We set no geographical restrictions. All case reports and non-English articles were excluded. Once all articles to be included were identified, the references of all included articles were reviewed to identify any additional applicable publications that may have been missed by the digital search. References from these articles were also obtained, and review articles are cited to provide readers with more details than this review has room. Our aim was to explore the role of pazopanib in STS treatment, its mode of action, the clinical trials supporting its approval, safety and efficacy, how the product fits into the real world and its contribution to the development of targetted therapy for STS.
Discussion

Current treatment strategies in soft tissue sarcoma
As single drugs or in combination, anthracyclines and the alkalyting agent ifosfamide yield the best RR in various studies [12] . Most studies include a variety of histologic subtypes of STSs thus making it difficult to assess the clinical activity of any given treatment. The endpoints of these trials, such as RR, OS and progression-free survival (PFS) are influenced by the distribution of histologic subtypes. This, in turn, complicates the assessment of chemotherapy efficacy as it is widely accepted that different histologic subtypes exhibit variable patterns of chemosensitivity. Doxorubicin, a sensitive chemotherapy agent for STS was established in the early 1970s [5] .The optimal dose is ≥ 60 mg/m 2 per cycle, administered every 21 days, with lower doses associated with inferior results in terms of RR [13] . A clinically meaningful dose-response relationship with single agent doxorubicin at doses beyond 75 mg/m 2 per cycle is hard to be established. Even in modern multi-institutional series using 70-80 mg/m 2 per cycle, the RRs vary and range between 10 and 25%, with the majority being partial responses [14] .
Liposomal anthracyclines are active in STS, but it is unclear if they are as efficacious as unencapsulated doxorubicin. Some series report durable RRs up to 50% in many patients [15] . It is an agent used for metastatic STS, most commonly in Europe and in patients older than 65 years.
Ifosfamide has similar antitumour activity as doxorubicin. RRs are in the range of 7-41% (average 25%) among patients pre-treated with doxorubicin [16] . A dose-response relationship has been shown for ifosfamide in metastatic STS; the threshold is approximately 6 g/m 2 per cycle [16] . In one trial, single agent doxorubicin (75 mg/m 2 every 3 weeks) was compared-head-to head with two different doses of ifosfamide (3 g/m 2 over 4 hours daily for 3 days or 9 g/ m 2 over 72 hours by continuous infusion) in patients with advanced STS [17] . While efficacy was similar in this trial, toxicity was worse regarding ifosfamide.
Taxanes are active only in the treatment of advanced angiosarcoma with paclitaxel showing the best results [18] . Other conventional cytotoxic drugs showing at least some antitumour activity with RRs less than 20% include vinorelbine, methotrexate, dacarbazine and temozolomide (particularly for leiomyosarcoma), cisplatin and carboplatin [19] [20] [21] [22] [23] [24] [25] [26] [27] .
Regarding gemcitabine, there are conflicting data regarding its use as monotherapy. It is a wellvalidated option, confirmed in at least three studies [28] [29] [30] in combination with docetaxel, especially in leiomyosarcoma and undifferentiated pleomorphic sarcoma.
Another validated cytotoxic agent not approved in the US is trabectedin with the highest RRs observed in the myxoid/round cell liposarcoma and leiomyosarcoma subtypes [30, 31] .
Up until now, for patients with advanced or metastatic soft tissue sarcoma who progressed after an anthracycline-containing regimen and other validated treatment options, such as ifosfamide, gemcitabine or gemcitabine combinations, not many things could be done.
This changed in 2012 when pazopanib was approved for the treatment of advanced or metastatic STS for patients previously treated with standard chemotherapy and histology other than liposarcoma.
Mode of action
Pazopanib is a multikinase inhibitor. It limits tumour growth via inhibition of angiogenesis .In particular, it works by inhibiting cell surface vascular endothelial growth factor receptors (VEGFR-1, VEGFR-2, VEGFR-3), platelet-derived growth factor receptors (PDGFR-alpha and -beta), fibroblast growth factor receptor (FGFR-1 and -3), cytokine receptor (cKIT), interleukin-2 receptor inducible T-cell kinase, leukocyte-specific protein tyrosine kinase (Lck), and transmembrane glycoprotein receptor tyrosine kinase (c-Fms).[ Figure 1 ]
In vivo preclinical studies about pazopanib pharmacokinetic and pharmacodynamic have been conducted demonstrating a significant dose-dependent tumour growth inhibition in a wide variety of tumour xenografts (i.e., colon, melanoma, prostate, renal, breast, lung and multiple myeloma) [33] .The interaction between VEGF and its receptor VEGFR-2, controlling and modulating angiogenesis has been shown to play a major role in tumour progression in sarcomas [34] . Pazopanib has demonstrated activity and is approved for the treatment of renal cell carcinoma (RCC),also showing activity in other malignancies such as hepatocellular carcinoma (HCC), non-small cell lung cancer (NSCLC), ovarian cancer and multiple myeloma [35] [36] [37] [38] [39] [40] [41] [42] [43] 3. Clinical trials supporting pazopanib approval in STS (Table 1) The first study evaluating pazopanib in solid tumours was performed by Hurwitz et al [37] . 63 patients with advanced and refractory solid tumors received drug doses between 50 and 100 mg three times weekly or 50 and 2000 mg once daily and 300 or 400 mg twice daily. The adverse reactions reported were hypertension (33%), diarrhoea (33%), hair depigmentation (32%), nausea (32%), anorexia (25%) and fatigue (24%) with hypertension being the most frequent grade 3 reaction reported. A maximum tolerated dose (MTD) could not be determined in this trial. The dose for subsequent drug development was determined at 800 mg daily because of exposure to the drug plateauing at this dose. Given the importance of angiogenesis in STS, pazopanib was explored in patients with advanced STS in a phase II study [10] . Patients with intermediate or high grade, advanced STS, not able to receive chemotherapy for whatever reason or who had received up to two prior regimens for advanced disease, had documented progression, had a good performance status with good organ function were eligible. Pazopanib 800 mg was given daily. Primary endpoint was progression-free rate (PFR) at 4 months. Secondary endpoints were RR, safety and OS. Liposarcomas, leiomyosarcomas, synovial sarcomas and other STS types were studied and 142 patients were enrolled. The liposarcoma cohort was closed after the first stage, given insufficient activity (PFR 12 weeks, 5 of 19). PFR was 44% in the leiomyosarcoma cohort, 49% in the synovial sarcomas and 39% in the other STS types. In the three cohorts in which the primary endpoint was reached, OS and PFS were prolonged compared with historical controls in this setting. The most frequent drug-related toxicities were hypertension, fatigue, hypopigmentation, nausea, liver enzyme elevations, myelosuppression and proteinuria, all of which were mostly grades 1-2. The most frequent grades 3-4 toxicities were hyperbilirubinemia (6.3%), hypertension (7.7%) and fatigue (7.7%).
A phase III trial (PALETTE trial) [11] was conducted in 72 institutions, across 13 countries. Patients with metastatic STS progressing despite previous standard chemotherapy and not having received angiogenesis inhibitors, were randomised in a 2:1 ratio to receive either pazopanib 800 mg once daily or placebo, with no subsequent cross-over. 372 patients were registered and 369 were randomly assigned to receive pazopanib (n = 246) or placebo (n = 123). Median PFS was 4.6 months (95% CI 3.7-4.8) for pazopanib compared with 1.6 months (0.9-1. Adverse events reported were fatigue (65%), diarrhea (58%) ,nausea (54%), weight loss (48%) and hypertension (41%). Based on favourable data from the PALETTE trial, on April 26th, 2012, the FDA and then European Medicines Agency approved pazopanib for the treatment of patients with advanced STS who have received prior chemotherapy [44] .
Pazopanib in the real world
In 2014, a retrospective pooled analysis [45] was conducted on pooled data from two European Organisation for Research and Treatment of Cancer trials [10, 11] on pazopanib in STS. The point of this analysis was to characterise long-term responders and survivors. Combined PFS was 4.4 months and the median OS was 11.7 months. One-third of the patients had a PFS ≥ 6 months and were defined as long-term responders and one-third of the patients survived ≥ 18 months, defined as long-term survivors. Patient characteristics were studied for their association with long-term outcomes. Median follow-up was 2.3 years. Patient characteristics were compared among four subgroups based on short-/long-term PFS and OS, respectively. Seventy-six patients were both long-term responders and long-term survivors. The analysis confirmed the importance of known prognostic factors such as performance status and tumour grading in metastatic STS patients treated with systemic treatment. Haemoglobin at baseline was established as a new prognostic factor. Twelve patients were identified remaining on pazopanib for more than 2 years, nine of them younger than 50 years, nine females, four with smooth muscle tumours and nine with low or intermediate grade tumours. The median time on pazopanib in these patients was 2.4 years with the longest duration of 3.7 years. The analysis concluded that one-third of all patients receiving pazopanib in these studies had a long PFS and/ or OS. Good performance status, low or intermediate grade of the tumour and a normal haemoglobin level at baseline were advantageous for long-term outcome while 3.5% of patients had a PFS for more than 2 years while on pazopanib.
In 2014, in Canada, a cost-effectiveness analysis of pazopanib in advanced STS was performed [46] . A multistate model to estimate PFS, OS, lifetime STS treatment costs and quality-adjusted life-years (QALYS) for patients receiving pazopanib or placebo as second-line therapy for advanced STS was done. Cost-effectiveness was calculated alternatively from the health care system and societal perspectives for Quebec. Estimated PFS, OS, incidence of adverse events and utilities values for pazopanib and placebo were derived from the PALETTE trial. Costs were obtained from published sources.
Pazopanib is estimated to increase QALYS by 0.128 versus placebo. The cost of pazopanib versus placebo is CA$ 20,840 from the health care system perspective and CA$ 15,821 from the societal perspective. The cost per QALY gained with pazopanib in that comparison is CA$ 163,336 from the health care system perspective and CA$ 124,001 from the societal perspective. Depending on the threshold value used by reimbursement authorities to assess novel cancer therapies in each country and taking into account the limited options of effective treatment of metastatic STS, pazopanib might be a good alternative in this regard. To our knowledge, this is the only such analysis that exists.
Targetted therapy beyond pazopanib
As illustrated by the recent approval of pazopanib, inhibition of tumour angiogenesis is a viable therapeutic option in the management of STS.
Sunitinib and sorafenib were evaluated in phase II trials in parallel when the initial pazopanib trial was conducted by the EORTC. In two phase II trials, a significant activity for sunitinib was not demonstrated [47, 48] . Maki and colleagues [49] conducted a phase II trial with sorafenib and the median PFS and the 3-month PFR were quite similar to those found with pazopanib. Sorafenib was not declared active as a single agent because there was a difference in the design of the study. After that, in new phase II trials, similar PFS has been reported and a response range ranging from O to 15% attributable to disease heterogeneity [50, 51] .
Sorafenib was also evaluated in the treatment of sarcomas combined with other treatment modalities such as chemotherapy, radiotherapy and/or surgery. A phase I trial led by the Grupo Espanol de Investigacion de Sarcomas reported the feasibility of ifosfamide with sorafenib with 5 out of 12 patients in this study achieved (stable disease) for more than 5 months. In a phase II trial, D'Adamo and colleagues [52] tested the combination of sorafenib and dacarbazine. In patients with leiomyosarcoma and synovial sarcoma, a 10% RR and a 29% clinical benefit rate were observed. The conclusion from these observations is that sorafenib has activity at least in a subset of patients with STS. However, the benefit of combining this agent with chemotherapy has yet to be proven.
Brivanib, a small tyrosine kinase inhibitor targeting VEGFR and FGFR kinases, was assessed in several tumour types in a large multicohort phase II trial, using an independent randomised design in each cohort [53] . Two hundred fifty-one patients with sarcomas of all types (leiomyosarcoma, liposarcoma, angiosarcoma and other were included) [54] Within the first 12 weeks, 168 patients came off study. Median PFS was 2.6 months for patients in the brivanib arm versus 1.4 months in the placebo arm. The primary endpoint for patients with FGFR2-positive tumours (median PFS 2.8 versus 1.4 months) was achieved.
Other approaches targetting the tumour angiogenesis are currently being evaluated. One such approach is the development of vascular targetted agents using NGR peptide, a human tumour necrosis factor, targetting the tumor vasculature. Several studies have shown promising activity of this agent in combination with various chemotherapy regimens, and a phase II trial of NGR-hTNF alone or combined with doxorubicin is currently under way in various STS subtypes.
Several studies are ongoing or have completed accrual. Inhibitors of angiogenesis, either alone (axitinib, angiotensin-(1-7), pomalidomide, tivozanib, MORAb-004) or combined with chemotherapy (cisplatin 1 AVE8062) are currently being tested and await reporting. [55] .
Conclusion
In the last 20 years, many drugs have been tested in phase II studies in patients with metastatic STS and many agents are used in its treatment. Nowdays, imatinib is used for GIST, taxanes for angiosarcomas, trabectedin has been approved outside US for leiomyosarcomas and liposarcomas and the combination of docetaxel plus gemcitabine for leiomyosarcomas. Still patients with advanced non-GIST have overall a poor prognosis.
The use of pazopanib in the treatment of pretreated advanced sarcomas has been a new tool in the management of this disease, the only true progress in this matter in the last 5 years.
Also, it has given us an insight in the central role of angiogenesis in development and progression of sarcomas and that the inhibition of pro-angiogenic tyrosine kinase receptors using novel tyrosine kinase inhibitors seems to be an intriguing therapeutic strategy.
Already numerous trials involving the PI3K-AktmTOR pathway [56] [57] [58] [59] [60] [61] [62] [63] and mTOR inhibition [64] [65] [66] [67] [68] [69] are on the way.
One could say that pazopanib showed the way for the use of targetted therapy in soft tissue sarcoma.
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